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Chemical Compositions of Co-Based Materials in Yuan Dynasty
Blue-and-White Porcelains
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Abstract: The Chinese Yuan Dynasty blue-and-white porcelains exhibit different ornamentation effects, such as bow string and
main patterns. In this study, ten pieces of blue-and-white porcelains in the Jingdezhen Ceramic University Museum were
examined using energy-dispersive X-ray fluorescence to reveal the chemical compositions in their microzones. Four key findings
were obtained. Firstly, the Co-based material used in the specimens was imported ore with high Fe and low Mn contents, with
certain quantity of Ni and As. Secondly, the bow-string and main patterns had different (Fe+Mn)/Co ratios, with the main patterns
having lower ratios, suggesting purer Co characteristics. Thirdly, the differences in the elemental ratios were verified using a
historical purification process, whereby the main pattern was speculated to be painted with purified Co-based materials. Finally,
the material differences that began to appear during the Yuan Dynasty, which influenced the painting of blue-and-white porcelains
in the Ming and Qing dynasties, were investigated. This study provided with a new perspective on the Yuan
Dynasty blue-and-white porcelains and the development of decoration systems for Chinese blue-and-white porcelain paintings.
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Tab. 1 Chemical composition (wt.%) of decoration components and glazes of the tested samples
wt.% pg/g
Sample Component : -
NaZO MgO A1203 SIOZ Kzo CaO T102 CoO F6203 MnO AS203 N1203
Bow=string 3 54 035 1523 7010 328 561 010 009  0.80 620 76 47
pattern
163 Theme 175 045 1295 6680 242 10.12 0.05 166 4.44 950 71 512
decoration
Glaze 390 022 14.14 7159 317 527 009 — 062 530 — —
Bowsstring 5 5) 045 1338 7087 345 639 003 005 071 810 73 48
pattern
165 Theme 259 027 1251 7267 317 629 003 106 147 600 66 240
decoration
Glaze 321 041 1326 7234 328 580 003 — 066 560 — —
Bow-string ;3¢ 959 1505 7090 444 587 006 007 1.0l 630 71 44
pattern
167 Theme 268 035 1228 6482 381 7.60 004 112 742 970 156 163
decoration
Glaze 1.88 041 1499 7059 439 580 003 — 092 580 — —
Bowsstring 5 55 037 1423 7033 418 585 006 008  1.03 930 69 122
pattern
176 dThem.e 1.00 0.13 1235 7233 406 650 005 063 259 770 87 206
ecoration
Glaze 340 086 1339 6977 431 617 005 —  1.04 980 — —
Bowsstring 3 51 056 1215 7123 368 7.02 004 004 082 530 66 16
pattern
181 Theme 284 063 1225 6635 385 741 010 149 557 800 74 423
decoration
Glaze 330 019 12.89 7065 377 730 003 — 088 610 — —
Bowsstring 591 053 1203 7062 269 7.0 005 117 0.12 910 66 154
pattern
190 Theme 343 007 1299 7032 284 660 002 273 0.54 850 66 261
ecoration
Glaze 338 0.16 1344 7131 272 725 002 — 104 930 — —
Bowsstring ) ¢ 037 1211 7418 442 485 004 008 094 690 66 177
pattern
204 Theme 210 029 1224 7113 542 486 004 113 292 780 82 541
decoration
Glaze 069 0.10 1282 7349 502 607 005 — 076 750 — —
Bowsstring 5 ¢ 010 1246 7382 352 499 004 010  1.00 710 66 78
pattern
214 Theme 274 0.00 13.14 6889 331 738 005 054 3.54 780 70 177
decoration
Glaze 361 031 1193 7412 328 498 003 — 074 600 — —
Bowsstring 55 009 1357 7191 273 711 003 005 079 750 71 153
pattern
534 Theme 279 020 1245 7029 266 7.4 002 096 3.44 660 89 322
decoration
Glaze 305 030 13.14 7216 297 657 005 — 075 730 — —
Bowsstring 4 59 023 1308 7158 349 554 003 006 098 790 69 134
pattern
535 Theme 336 087 13.03 6615 343 646 005 130  5.65 740 92 294
decoration
Glaze 311 024 1379 7113 337 634 006 — 096 860 — —
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Fig. 2 Scatter plot of chemical compositions of the samples
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Fig. 7 Simulated samples of blue-and-white porcelain
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Tab. 2 Chemical compositions (wt.%) of the blue-and-white ornaments painted on the simulated samples
Specimen wt%
b Component . :
numoer NaZO MgO A1203 S102 KzO CaO TIOZ CoO F6203 MnO
Bow-string -} 73 1,57 1482 7128 400 515 004  0.04 041 0.00125
14 pa?tgrns
Digital 1.53 145 1426 7174 426 530  0.06  0.05 0.40  0.00381
ornament
Bow-string 5 4 131 13.83  71.52 417  4.60 0.05 0.12 0.48  0.00819
24 pa.tte;rns
Digital 456 118 1495 7184 443 478 006 017 0.50  0.01118
ornament
Bowstring 4 15 128 1372 73.06 438 486 006  0.06 0.54  0.00343
34 pa?tgrns
Digital = o, 139 1456 7211 432 489 0.07 022 073 0.01238
ornament
Bowstring 4 o7 149 1466 7200 425 504 004  0.09 0.45  0.00624
44 pa.tte;rns
Digitall =y 43 127 1440 7284 425 445 006 014 052 0.01226
ornament
Bow-string 4 3 121 1438 7255 427 502 005 006 0.49  0.00287
54 pa?tgrns
Digital 13 149 1477 7160 447 500 007 0.5 0.68  0.01015
ornament
Bowstring 4 o4 144 1414 7166 436 531 005 003 0.40  0.00163
6 pa.tte;rns
Digital g9 151 1405 7174 430 493 007 005 0.51  0.00302
ornament
Bowstring 4 g5 089 1425 7202 433 520 005  0.10 030 0.00056
74 pa?tgrns
Digital 0.55 1.15 1401 7351 452 4.89 0.06 0.20 031  0.00133
ornament
Bowstring 63 000 1480 7485 398 517 001  0.07 0.46  0.0035
84 pa.ttefrns
Digital 1.10 L1 1472 7270 440 434 005  0.16 0.57  0.01385
ornament
Bowstring 6o 154 1425 7164 423 530 007 0.5 036 0.00045
Y pa?tgrns
Digital 1.75 132 1409 7186 425 534 005 021 033 0.00044
ornament
Glaze 150 085 1459 7195 427 549  0.03  0.00 032 0.00029
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